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TITLE OF THE INVENTION 
fOOOll Device and m e thod for s eparating magn e tic or magn e tizabl e 
particle s from a liqui d Method for Separating Magnetic or Magnetizable Particl^^ 
5 Liquid 

CROSS-REFERENCE TO RELATED APPLICATIONS 
f00021 This application is a U.S. National Pha se (Section 37n of International Application No. 

PCT/EP2Q04/007308. filed July 5 , 2004, which was published in the German language on January 
20. 2005. under International Pubhcation No. WO 2005/005049 Al. and the disclosure of which is 
10 incorporated herein by reference. 

BACKGROUND OF THE INVENTION 
100031 The invention relates to devices for separating magnetic or magnetizable particles from 
liquids by meai5r&»of-a magnetic field produced by one or more permanent magnets. 
100041 The invention further relates to methods for separating magnetic or magnetizable 

1 5 particles from liquids b y mean s of a magnetic field produced by one or more permanent 
magnets. The devices and methods can be used, for example, for applications in biochemistry, 
molecular genetics, microbiology, medical diagnostics and forensic medicine. 
100051 Methods based on magnetic separation using specifically binding, magnetically 
attractable particles are increasingly gaining in significance in the field of sample preparation for 

20 diagnostic or analytic examinations. This is true, in particular, for automated processes^ since it is 
thereby possible to analyse a large number of samples within a short period of time and to dispense 
with 1 abour labor -intensive centrifiigation steps. This creates the conditions required for efficient 
screening at a high sample throughput. This is extremely important for applications in molecular- 
genetic studies or in the field of medical diagnostics, for example, as it is practically impossible to 

25 cope with very large numbers of samples by purely manual handling. Further important fields of 
application relate to pharmaceutical screening methods for identification of potential pharmaceutical 
active agents. 

100061 The basic principle of magnetic separation of substances from complex mixtures is based 
on the process of functional isin a fiinctionalizing magnetic particles (magnetizable or 

30 magnetically attractable particles) in a specific manner for the intended separation process-, — that^ 

That is, they are provided, by chemical treatment, with specific binding properties for the target 
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substances to be separated. The size of these magnetic particles is typically in the range of approx. 
0.05 to 500 urn. 

[0007] Magnetic particles that have specific binding properties for certain substances and can be 
used to remove these substances fi*om complex mixtures are described, for example, in German 
5 published patent application D E 195 28 029 Al and are commercially available^ 4e.g.^ firom 

chemagen Biopolymer-Technologie AG, DE-52499 Baesweiler4 -. Germany . 

[00081 In known separating methods the fun ctionali s e d functionalized magnetic particles 

are added in a first step ("binding step") to a mixture to be purified which contains the target 
substance(s) in a liquid promoting the binding of the target substance molecules to the magnetic 
10 particles (binding buffer). This causes a selective binding of the target substance(s) present in the 
mixtiu'e to the magnetic particles. Subsequently, these magnetic particles are 
iimnob i 1 4&e dimmobilized on a site of the interior wall of the reaction vessel by employing 

magnetic forces, that is, a magnetic field, for instance b y means of a permanent magnet 
("pellet"). Thereafter, the Uqviid supernatant is separated and discarded, for example by suction or 
1 5 decanting. Since the magnetic particles are 4^miit<^b4XA4Ba dimmobilized in the manner described, it 

is largely prevented that these particles are separated along with the supernatant. 
r00091 Subsequently, the intmobi 1 -irga dimmobilized magnetic particles are again 

r es u s pend e d re-suspended . For this purpose^ an eluting liquid or eluting buffer is used that is 

suitable for breaking the bond between the target substance(s) and the magnetic particles, so that the 
20 target substance molecules can be released fi'om the magnetic particles and separated along with the 
elution liquid^, while the magnetic particles are immob i l -4ga dimmQbilized by the action of the 

magnetic field. One or more washing steps may be carried out prior to the elution step. 

fOOlQI Devices of various types have been described for carrying out separation processes by 

mean s of m agnetic particles. German utility model DE 296 14 623 Ul discloses a magnetic 

25 separator provided with movable permanent magnets. As an alternative, it is proposed to move the 
reaction vessel containing the magnetic particles by mechanical driv e m e an s, relative to a fixedly 
mounted permanent magnet. The device described i n German published pate nt application DE 100 
63 984 Al, which is provided with a magnetic holder and a movable reaction vessel holder, works 
according to a similar principle. 

30 fOOll] By using the above-mentioned devices^ it is possible to 4mmQb4a-i-ge immobilize or 

accumulate the magnetic particles on the interior wall or on the bottom of the reaction vessel as a 
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"pellet". These devices are, however, not suitable for removing the magnetic particles from a 
reaction vessel. As a consequence^ it is necessary to exhaust the liquid from each individual reaction 
vessel by suction in order to separate the liquid from the magnetic particles. This is a disadvantage^ 
as it entails high material consumption (disposable pipette tips). Furthermore, it is unavoidable that 
5 individual magnetic particles are also sucked off, thus leading to a high error rate. Other errors can 
be caused by liquids dripping down, leading to cross-contamination. 
room German Patent D E 100 57 396 CI proposes a magnetic separator provided with a 
plurality of rotatable bars that can be maan e t i s e d maenetized by an electromagnetic excitation 
coil. By immersing the bar in the liquid containing magnetic particles and withdrawing the bar in the 
10 macmafelsG dmagnetized state, the magnetic particles can be removed from the liquid and, if 

required, transferred to another reaction vessel where they can be re-released into a liquid, e.g. a 
wash or elution liquid, by deactivating the excitation coil. 

[0013] A disadvantage of this device is that the magnetic field produced by the excitation coil is 
not sufficiently homogenous so that the individual bars — depending on their position within the 

IS ring-shaped excitation coil—^^ are maane t i s e d magnetized to a different extent. This disadvantage 
is particularly eminent where a large number of bars is required. In addition, the excitation coil 
requires a relatively large space, which results in constructional limitations. 
[00141 Above all, the known devices are not suitable for simultaneous treatment of large 
nimibers of samples as is required in high-throughput applications (e.g. microti tr e ^ microtiter 

20 plates with 364 or 1536 wells). 

BRIEF SUMMARY OF THE INVENTION 
[0015] The object of the invention was therefore to provide devices and methods enabling the 
separation of magnetic particles from liquids and the transfer of magnetic particles from one liquid 
into another liquid while avoiding the above-mentioned disadvantages. More particularly, the 
25 devices and methods are to be suitable for use in high-throughput processes. 

[00161 These and other objects are, surprisingly, achieved by a d e v ice accog d4aag>-feo 

t h e main cl a im a s w e ll bv th e devices and methods according to claims 24 to 

— and by th e embodiments de s crib e d — in the d e pend e nt claim s, ^ 

invention. 

30 f 001 71 Thus, the devices of the invention for separating magnetic or magnetizable particles from 
a liquid are characterized by the following features: 
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The devices comprise; 

two limbs made of a soft-magnetic material; ^hese fo r m whex^ 

appropriate together with fiirther components — , where appropriate, these form a magnetic 
circuit; 

5 between the two poles of the limbs there is an air gap that is suitable for 

receiving a container or a plurality of containers; 

a head piece is arranged in a fixed or detachable manner on one of the poles; a 

magnetizable bar or a plurality of magnetizable bars is/are disposed in a fixed or movable manner on 
gadrdthe head piece, in the vertical direction; 

10 a permanent magnet or a group of at least two permanent magnets is movably 

arranged on at least one point of the device; the arrangement is such that a magnetic field can be 
produced between the two poles and the magnetic field can be activated or deactivated by moving 
the magnet(s); 

that agearegion of the device wherein the movable magnet(s) is/are arranged 

15 in the magnetic circuit (iron circuit) is at least partially surrounded by a material which screens the 
magnetic field. 

rOOlSl The two limbs are made of a soft-magnetic material, for example of soft iron (especially 
Fe-Ni alloys) or magnetizable steel. The cross-section of the limbs can be square, rectangular, 
circular or oval, for example; the size of the cross-sectional area depends on the desired cross- 

20 sectional area of the magnetic field and may be 20 to 100 cm^, for example. It is fiuthermore 
possible to attach the limbs to a fi'ame or housing made of non-magnetizable material. 
[00191 The two limbs are typically arranged on top of each other, with the limb carrying the 
head piece being located above that region of the other limb which serves to receive the liquid 
containers (i.e.^ the sample vessels). 

25 f00201 The head piece may be arranged so as to be detachable, thus enabling, for example, the 
replacement of head pieces with different numbers or types (length, diameter; fixed or movable) of 
magnetizable bars. The number of bars depends on the number of samples, and thereby liquid 
containers, which are to be treated simultaneously. Mi c r o t i t r e M icrotiter plates are preferably 

used as containers, especially those with 96, 384 or 1536 wells, so that appropriate head pieces, for 
30 example with 96, 384 or 1536 magnetizable bars, are provided for those cases. Furthermore, also 
suitable as containers are sample tubes or reaction vessels of a volume of, for example, 0.015 to 100 
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ml; these can be treated individually or in groups, in each case in combination with magnetizable 
bars adapted thereto. 

[00211 The bars, optionally the head piece as well, are also made of a soft-magnetic material, as 
described above. The length and cross-section thereof are dependent on the intended application 
5 purpose, especially on the dimensions of the containers and on the volumes of liquid, and can be 
varied accordingly. 

100221 It is furthermore provided that a replaceable envelope, which can be pulled off, is slipped 
on each bar in order to avoid cross-contamination between different liquid samples. For this 
purpose, a special device is preferably provided which enables automatic discarding of the used 

10 envelopes and providing and mounting of new envelopes. 

100231 By arranging a permanent magnet, which may also be composed of a plurality of 
individual magnets, a substantially homogeneous magnetic field is produced between the poles of 
the limbs. In this way it is possible to dispose a larger number of bars, for instance in several rows, 
with the magnetic field being approximately of the same size at each of the bars; this is of particular 

1 5 advantage with a view to high-throughput processes. A fiirther advantage of the devices according to 
the invention is that the magnetic particles - in the activated state - accumulate substantially at the 
tips of the bars. 

100241 In accordance with the invention the permanent magnet(s) is/are arranged so as to be 
movable relative to the magnetic circuit of the device^ so that the magnetic field between the poles 
20 can be alternately activated and deactivated by moving the magnet(s). To this end, the magnet(s) 
is/are moved within the magnetic circuit, or they are moved into the magnetic circuit and out of it, 
respectively. 

[0025] This means that the magnetic field between the poles is activated when the permanent 
magnet(s) is/are in a first position and that the magnetic field between the poles is deactivated when 
25 the permanent magnet(s) is Zare in a second position. In the s aid second position the magnet(s) 
is/are preferably outside the magnetic circuit. 

[00261 The magnetic field is preferably activated and deactivated by moving the magnet(s) 
within the iron circuit (magnetic circuit) (e.g.^ by rotation), or by moving the magnet(s) fi-om the 
outside into the magnetic circuit ("activation") and thereafter out again ("deactivation"). 
30 [0027] Because of the possibility of activating and deactivating the magnetic field, the device 
can be used to remove magnetic particles fi'om a first liquid b y m e an s of the magnetizable bars 
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and to transfer the particles into a second or further liquid and to release the particles therein. This 
also allows using the bars, in addition, for other functions, for example as stirring rods. 
[00281 Basically, any hard-magnetic materials known to the person skilled in the art may be 
used to produce the permanent magnets, particularly ferrite, Al-Ni-Co alloys and rare earth magnets 
5 (preferably NdFeB); such magnetic materials and magnets are commercially available from various 
manufacturers. 

r00291 That ar^^amgign of the device wherein the movable magnet(s) is/are arranged in the 
iron circuit is at least partially surrounded by a material whic h that screens the magnetic field. 
[0030] A soft-magnetic material may be used as the screening material and/or a material, known 
10 to the skilled artisan, wbAG hthat screens magnetic fields, e.g.^ tinplate or mu-metal. This screening 

material is arranged around the movable magnet(s) in such a manner that in the deactivated state no 
magnetic forces are able to act on the containers with sample liquid located in the air gap of the 
magnetic circuit. 

f0031] A screening that completely surrounds the region wherein the permanent magnet(s) is/are 
1 5 arranged is especially preferred. More particularly, a short circuit ring may be provided for this 
purpose. 

100321 The device is preferably configured such that^ if the magnet(s) move(s) within the 
magnetic circuit or into the same, that aga aregion of the device in which the movable magnet(s) 

is/are arranged in the magnetic circuit is at least partially surrounded by a material which shields the 
20 magnetic field. 

100331 According to an especially preferred embodiment, the two limbs of the device are 
connected with each other, at the side opposite the two poles, by a (soft-magnetic) material which is 
likewise magnetizable, so that a magnetic circuit or a magnetization ring is formed which is 
completely closed - with the exception of the air gap between the poles. 

25 100341 The permanent magnet(s) is/are preferably arranged between the two limbs and at their 
other end (i.e.^ opposite the poles). If the two limbs are connected with each other, as described, the 
permanent magnet(s) is/are preferably arranged in or at the region which connects the two limbs. 
Preferably, the magnet(s) are movably moimted in a recess provided for this purpose in one of the 
limbs or in the section connecting the two limbs. 

30 [0035] To allow movement of the permanent magnet(s) in order to activate and deactivate the 
magnetic field, the magnet or a group of several magnets may be arranged in a rotatable or tillable 
manner in a recess provided for this purpose. By rotating or tilting the magnet, it can moved into a 



position in which its poles, and thereby its magnetic field, point in the direction of the magnetic 
circuit, that is, in a direction toward the limbs (activated state, maximal field strength between the 
poles of the limbs), or it can be moved into another position in which the magnetic field emanating 
therefi-om is substantially perpendicular to the aforementioned direction (deactivated state). The 
5 magnet(s) may also be rotated or tilted into positions therebetween to achieve a field strength 
between the poles of the limbs which is lower than the maximimi value. 
100361 Altematively, it is also possible to mount the magnet(s) in a displaceable manner such 
that the magnet(s) can be moved into the magnetic circuit by displacing the same (activation), or 
removed therefrom (deactivation). 
10 [0037] The movement (e.g. tilting, rotating, displacing) may be accomplished either manually in 
a direct or indirect manner, or by m e an s of one or more electric motors, or by pneumatic or 

hydraulic means; combinations of these means are also possible. The drive meaae— may comprise 

fiirther means known to those skilled in the art, such as a linkage or a gear unit. 
^00381 According to a preferred embodiment, the extent of the movement of the permanent 
15 magnet(s) is predeterminable. In this manner, it is possible to set the magnetic field strength to a 
specific value, depending on the given application purpose. This can be accomplished, in particular, 
by predetermining and adhering to a certain tilting or rotation angle, or a certain displacement 
distance. 

[00391 According to a fiirther embodiment, the headpiece, which bears the magnetizable bars, is 
20 mounted so as to be movable. In particular, the headpiece may be movable in the horizontal plane. 
In that case, the drive m eans (e.g.^ electrical, pneumatic and hydraulic), gear units, linkages and 

the like are connected with the headpiece, so that the headpiece can be used for carrying out shaking 
movements (e.g.^ circular movements or movements as those of an orbital shaker). 
[00401 It is fiirther preferred for the s aid magnetizable bar(s) to be rotatably (around the 
25 longitudinal axis thereof) moimted on the respective head piece and that it/they can be rotated during 
the treatment of a magnetic particle-containing liquid in order to accomplish intermixing or to 
accelerate the separation of the particles firom the bars. Rotation is preferably accomplished by 
electromotive means. 

100411 To separate magnetic particles, liquids containing such particles are introduced in the air 
30 gap of the device, below the magnetizable bars; for this purpose, containers of the type mentioned 
above can be used. Preferably, at least one hol ding d^-v-4oe holder is provided for this purpose 
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which can be positioned below the bars, so that the bars are oriented towards the openings of the 

containers. This holder may be configured, for example, in the form of a holder plate. 

[0042] Further preferred are embodiments wherein the holding mean s holder is movable in 

an essentially horizontal plane in one direction or a plurality of directions; alternatively or in 
5 addition thereto, the holder may be movable in the vertical direction. The movement is preferably 
accompHshed by mean s of an electromotive drive or by pneumatic or hydraulic mean sdrive. or 

by combinations of these 

[00431 In particular, the hoXdina-^-dwi-Ge^ holders may also be configured such that they 

can be used for carrying out shaking movements. The constructional measures required therefor are 
10 basically known to the person skilled in the art. It is furthermore provided that both the head piece 
and the holding d e vice holder may be movable and u t i 1 i s e d utilized to carry out shaking 
movements. It is thereby possible to achieve an especially effective intermixing of the sample liquid 
when the bars are immersed therein. 

[0044] It is furthermore preferred that an open-loop control device or a closed-loop control 
1 5 device be provided^ by means of which the vertical movement of the boidiag 

d e vic eholderfs^ can be adjusted or controlled^ such that an upward movement thereof causes the 

bars (7) to be immersed in the containers — (10) , which are filled with liquid. 

f00451 In particular, the above-mentioned holding devi-oeMda i^^y be a component of a 

program-controlled laboratory robot svstem ; or e f e rabl v . Preferably , the holding 

20 d e vice h older is adjusted such that a plurality of individual ones of the ««td^containers or groups 
of such containers, particularly microti tr e microtiter plates, are alternately moved into a position 
below the sai d bars and subsequently, after a predeterminable time interval, again into a position 
which is outside the region below the bars. This allows a high sample throughput. 
100461 According to a further, particularly preferred embodiment of the invention, a program- 

25 controlled processor is associated ^with the device and is connected th e r e with^ ^^. In this 
way, at least one of the following functions of the device can be open-loop controlled or closed-loop 
controlled, or at least two of the functions mentioned below can be combined with one another: 

movement of the permanent magnet(s) to activate and deactivate the magnetic 

field, particularly the duration of the activated and deactivated phases, as well as magnetic field 

30 strength; 



rotation speed and duration of rotation in the case of rotatable bars; 

movement of the head in a horizontal plane, particularly duration, frequency and 

amplitude of a shaking movement; 

- movement of the holding d e vic e M ldgr(s) to position the contamer(s) or groups 
5 of containers alternately below the bars and subsequently removing them from that position, 

particularly the velocity and frequency of the movements, as well as the dwell time of the holding 

de-vi-G^ holder below the bars; 

- vertical movement of the holding device h older to inmierse the bar/the bars in 
the liquid of the container(s) and remove the same therefrom; particularly immersion depth, duration 

10 and frequency; 

^ if provided, rotation or shaking movement of the holding device holdja[ (s), 
particularly rotation speed, rotation amplitude and intervals between the individual operation phases. 
[0047] The devices according to the invention may advantageously be combined with other 
devices for automatic treatment of sample material. Furthermore, two or more of the devices 
15 according to the invention may be arranged side by side and combined with one another. 

100481 The invention therefore also encompasses devices of the type described above to which 
one or more of the following means are associated, the Amotions of aarid^ means being 
coordinated with the fimctions of the device by--4ReaBrS— o-f a joint control: 

— one or more thermostattable heating or cooling means; 

20 one or more pipetting stations for metered addition of Uquids, especially reagents; 

— one or more suction means for exhausting Uquid from the containers; 

— one or more means for shaking or intermixing the liquids contained in the containers; 

— analytic apparatuses, particularly for photometric measuring or luminescence detection. 

f00491 The invention ftirther comprises methods for separating a target substance from a 
25 substance mixture present in liquid form. These methods generally comprise the following steps: 

a) addition of magnetic or magnetizable particles that have specific binding 
properties in relation to the target substance; 

b) placing a pre-determined volume of the mixture in the air gap between the 
two poles of a magnetic circuit and immersing a magnetizable bar into the mixture, the Ba4d-bar 
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being connected with one of the poles of the magnetic circuit, and the magnetic field being initially 
deactivated; 

c) activating the magnetic field by changing the position of a permanent 
magnet arranged in or on the magnetic circuit, whereby the bar is magnetized and the particles 

5 accumulate substantially at the lower end of the bar; subsequently, the bar is removed from the first 
mixture of liquids, along with the particles which adhere thereto; 

d) immersing the bar, together with the particles adhering thereto, into a 
predetermined voliune of a liquid that causes the elution of the target substance from the particles; 

e) removing the bar from the elution liquid, whereby the particles continue to 
10 adhere to the bar and are thereby separated from the liquid. 

[00501 To improve purity and yield, it may be advantageous to release the particles into the 
liquid, following step d][, by deactivating the magnetic field, to mix the liquid and subsequently to 
re-accumulate the particles on the bars by activating the magnetic field. Intermixing can be 
accomplished, for example, by rotation of the bars or by agitating the holder or/and the head piece. 
1 5 fOOSn Furthermore, the above-described method may optionally comprise one or more washing 
procedures; such a washing process may, for example, follow step c) and be carried out as follows: 

immersing the bar, together with the particles adhering thereto, into a pre- 
determined volume of a wash liquid; 

deactivating the magnetic field by an opposite change of the position of the 

20 permanent magnet, whereby the particles are released into the liquid; 
^mixing; 

activating the magnetic field by changing the position of a permanent magnet 

arranged in or on the magnetic circuit, whereby the bar is magnetized and the particles accxmiulate 
substantially at the lower end of the bar-K 
25 100521 By using one of the above-described devices according to the invention^ it is possible to 
carry out the above-mentioned methods in a particularly simple and rapid manner. The devices and 
methods according to the invention can be used to particular advantage for the appUcation fields 
mentioned at the outset, especially for high-throughput methods. 

BRIEF DESCRIPTION OF THE SEVERAL VffiWS OF THE D RAWINGS 
30 The foregomg summary, as well as the following detailed description of the invention, 

will be better understood when read in conjunction with the appended drawings. For the purpose of 
illustrating the invention, there are shown in the drawings embodiments which are presently 



preferred. It should be imderstood. however, that the invention is not limited to th e precise 
arrangements and instrumentalities shown. In the drawings: 

fOQ541 Fig. 1 A is a schematic side view of an embodiment of a device according to the invention 
in a deactivated state: 

5 100551 Fig. IB is a schematic side view of the embodiment according to Fig, lA in an activated 
state 

100561 Fig. IC a schematic sectio nal view of the device shown in Figs. lA and IB taken along 

line lO-lCinFig. IB: 

100571 Figs. 1 D and IE are schematic side views of another embodiment of a device according 
10 to the invention showing activated and deactivated states, respectivelv. as in Figs. IB and 1 A: 
100581 Figs. 2 and 3 are schematic side views of further construction variants of the device 
according in Fig. 1 A in a deactivated state: 

100591 Fig. 4 is a schematic plan view of the device shown in Figs. 1 A and IB: 
100601 Fig. 5 is a schematic side view of another embodiment of the device according to the 
15 invention, shown in the activated : 

100611 Fig. 6 is a schematic side view of a modification of the device shown in Figs. 1 A and IB: 
100621 Figs. 7A and 7C are schematic sectio nal side views of another embodiment of a device of 
the invention with the magnet in a tumtable which rotates from a deactivated state in Fig. 7A to an 
activated state in Fig. 7C: 

20 100631 Figs. 7B and 7D are schematic sectional plan views of the device of Figs. 7 A and 7C 

taken in the plane of the tumtable: 

100641 Fig. 8 is a schematic side view of another embodiment of the device according to the 
invention with a short circuit ring shown in cross-section: 

100651 Fig. 9 is a schematic front view of the upper limb of a device according to the invention: 
25 and 

100661 Figs. lOA- l OD are schematic, longitudinal sectional views of different shapes of 

magnetizable bars (with attracted particles) usable in devices of th e invention. 

100671 In th e fol lowing i — th e invention will be illu s trat e df by way 

30 meaning of the reference nxmibers used is the same in all of the drawings, unless otherwise stated. 
Since the drawings are merely schematic representations, the actual size ratios may vary therefrom. 

DETAILED DESCRIPTION OF THE INVENTION 
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f00681 S^Hgs. 1 A and IB depict an embodiment of a device according to the invention, in 
side view. The device (1) has two magnetizable limbs (2, 3) of a magnetic circuit, sa4dthe limbs 

being connected with each other in the region (6). At the opposite end of the limbs are the two poles 
(4, 5), with an air gap (12) located therebetween. The pole (4) of the upper limb (2) carries a head 
5 piece (8) with bars (7) attached thereto. Below the bars there is a holding d e vic e h older (11) 
which is connected with the pole (5) of the other limb (3) or is at least in contact therewith. On the 
holding d e vic e h older. there is arranged a sample container (9) having a plurality of 

depressions (10) for receiving liquid samples - for example, fixed on the holdi-ng-dav-irCd^idgr 

(1 1) in a detachable manner. 

10 [00691 On the side opposite of the air gap (12), in the region (6) connecting the two limbs, there 
is a recess (16)^ wherein a bar-shaped or cuboid permanent magnet (15) is rotatably arranged. 
Around the region of the permanent magnet there is arranged a short circuit ring (20) (the latter is 
represented by dashed lines in the area of the rotatable magnet). Fig. 1 A shows the device in the 
deactivated state; the position of the permanent magnet (15) is substantially perpendicular to the 

15 direction of the magnetic circuit; the magnetic field of the permanent magnet is guided into the short 
circuit ring (20). 

[0070] Fig. IB shows the same device in the activated state. The position of the permanent 
magnet (15) points substantially in the direction of the magnetic circuit. Thereby, a magnetic field is 
formed between the poles (4, 5) and thus also at the ends of the bars (7); this magnetic field can be 
20 used to attract magnetic particles. 

100711 Fig. IC shows a section of the device shown in Fig. lA/B , taken in the plane indicated by 
the dashed line a ^lC- -IC in Fig. 1B4-. Arrows (17) schematically show the direction of the 
magnetic field in the activated state. 

100721 Figs. ID and IE show, Ukewise in schematic side view, a fiuther embodiment of the 
25 devices according to the invention, wherein the magnet used has a flat cuboid shape and the poles 
are located at the two large side surfaces. Figur e Fig. 1 D shows the activated state (the magnetic 

field runs in the direction of the iron circuit) and Fig. 1 E shows the deactivated state. The position 
of the short circuit ring (20) is merely outlined. The other elements shown in Figs. 1 A, IB have been 
omitted for the sake of simplification. 
30 100731 Fig. Figs. 2 an d Fig, 3 show fiirther construction variants of the device according to 

the invention, likewise in side view. 
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100741 Fig. E ig^4 shows the device (1) of gAaFies. 1 A/B in plan view; in this way^i^ the 
ring shape of the short circuit ring (20) is visible. In the embodiment shown, the short circuit ring 
(20) is configured such that it does not completely abut the magnetic circuit but leaves a cavity (22). 
This facilitates or enables access to the rotatable magnet (15). The short circuit ring (20) can be 
5 composed of two halves (20a, 20b) or a plurality of parts, as indicated by the dashed line 21, in 
order to facilitate assembly and disassembly. 

100751 Fig. 5 shows an embodiment of the device according to the invention (likewise in side 
view), wherein a displaceable (double arrow) permanent magnet (15) is provided in the recess (16). 
Fig. 5 shows the activated state, where the permanent magnet causes a magnetic field to be formed 
10 between the poles (4, 5). For deactivation, the magnet is displaced outwardly, out of the magnetic 
circuit of the device (1). 

100761 Fig. 6 shows a modification of the device shown in S4 oFigs . 1 A/B, wherein the two 
limbs (3, 4) are of different length. 

100771 Figs. 7A to 7D show different views of a particularly preferred embodiment, wherein a 
15 magnet (15) is placed on a support (40)^ which is rotatable in a horizontal plane^- about axis Y. The 
magnet (15) can thereby be moved into or out of the region of the magnetic circuit (iron circuit) by 
rotating the support (40) ^ between the activated stater- £Figs. 7C, 7D)/ o r ou t of th e 
region of the magn e tic circuit and the deactivated state (Figs. 7A, 7B). The short 
circuit ring (20), which is not represented in these Figure s (F igs. 7A to 70^^ is provided with an 
20 appropriate gecee^-o arecess in the region of the support (40) ^- or the shielding material is 

provided in an incomplete manner on that side of the device. The support (40) is preferably provided 
in the form of a turn tabl e tumtablc , or possibly as a rotatable arm, moved by m e ans of a 

known drive m e ans . Optionally, two or more magnets can be attached on the support. 
100781 Figs. 7A and 7C show a section 4 athrough the s ur f ac e t hickness of the turntable 
25 ^40. Figs. 7B and 7D show the same device, respectively, in sectional p lan vie w in the plane of the 
turntable. 

100791 Fig. 8 shows an embodiment of the device (1) according to the invention, in side view-^ 
4a. In this case, the two limbs (2, 3) are not connected with each other by a common region (6) as in 
other embodiments above . The rotatable magnet (15) is arranged between the two limbs (2, 3), on 
30 the side opposite the air gap. The short circuit ring (20) is represented in cross-section. 

11 



[00801 Fig. 9 shows the front view of the upper limb (4) of a device according to the invention, 
with the head piece (8) and the bars (7) attached thereto. Below the bars there is arranged a 
holding d e vice holder (^11), on which a plurality of containers (10) is arranged in rows. The 

holding d e vic e h older can be moved in the horizontal plane in various directions, as well as 

upwards and downwards— as shown bv the arrows4-. 

[0081] gjr gFigs . 10 (a-d) — showg A-lQD show > in longitudinal section, examples of 

different shapes of the magnetizable bars (7). The particles which have been attracted under the 
influence of the magnetic field are indicated at (30). Fig. ddlQD shows a bar that is provided with a 

replaceable envelope (25). 



[00821 It will be appreciated by those skilled in the art t hat chan ges could be made to the 
embo diments d escribed above without departing from the broad inventive concept thereof. It is 
understood^ therefore, that this invention is not limited to the particular embodiments disclosed, but 
5 it is intended to cover modifications within the spirit and scope of the present invention as defined 
bv the appended claims. 
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CLAIMS 

I claim: 

1 . D e vice A device for separating magnetic or magnetizable particles (30) — from a 
liquid by using a magnetic field, wh e r e in saA4^ device (1) compri ses 

5 comprising: 

two limbs (2 , 3 -)~ made of a soft-magnetic materia l each limb forming a magnetic pole : 
- — an air gap b etween the two poles 44^ — 5-)— of the limbs ( 2 , — 34 — there i s an air gap 
(12) which i s , the air gap being suitable for receiving aat least one container-oae^ 
pjr urality of co n t ai n ers — — 
10 - a head piec e ( 8 ) — Lb arranged in a fixed or detachable manner on one of the two poles 
( 4 ) , and aat least one magnetizable bar or a plurality of magn e tizable bar s 
— is /ar e disposed verticallv in a fixed or movable manner on s^aidthg head piece, — i& 

a at least one permanent magnet (15) or a group of at l e a s t two 

1 S p e rman e nt magn e t s i s movably arranged on at least one point of the device? — s uch that 
for producing a magnetic field (17) — can be produced between the two poles ( 4 , — 54- 
aa d. wherein the magnetic field can hsm activated or deactivated by moving the magnet4s^ 
(15) I — and wher e i n : and 

that a material arranged at least partially surrounding a region of the device 

20 whe^r^ nwhere the at least one m ovable magnetos-) — ir s /are arr ange d i s at lea s t 

partially s urround e d by a material — (20) which s cr e ens is located to screen 
the magnetic field. 

2. D e vice The device according to claim 1 , charact e rized in that wherein the 
25 two limbs (2, 3) are connected with each other at ^fcbeg side -(-64— opposite the poles ( 4 , 5) 

and^ thereby £o^Ea^ming a magnetic circui t (iron circuit) . 



3. D e vic e The device according to claim 1 or 2, — charact e riz e d in that l^ 
wherein the at least one movable m aenet-ie^)- is/a^ arranged jo be movable within the ±-i^on 
circuit s uch that th e y are movabl e y particularly rotatabl e j — 
that the magnet ( e ) — i s /are arranged such that it/they can b e mov e d 
5 into th e magnetic circuit from th e out s ide and then again out of 
t^he-^ai dmagnetic circuit. 



4. D e vic e The device according to any one of th e preceding claim s , 
characteriz e d in that the region of the device claim 3. wherein the movable 

10 magnet-(-s~>- is/ar^ -ar-r^nae d rotatable within the iron-Gi-r-G-ui-t 
parti-ally s u rrounde d b y a m afeeg4a-3 
firel dmagnetic circuit . 



5. Device according t o any on e o f the preceding claim s , 

15 charact e rized in that in the case of th e magn e t ( s ) moving within 
or into the iron circuit, — the r e gion of the d e vic e wher e in the 
mova b le macmret-C454 -The device according to claim 2, wherein the at least one movable magnet 
is /are arranged within the iron circuit i s at lea s t partially 
s urround e d bv a mat e rial which s creens the magnetic fiel d arranged to be 

20 movable into the magnetic circuit fr om outside and then ag ain out of the magnetic circuit . 

6. &evirCe The device according to a-ny~~^ne™o-f™t^he~~^p^Gedi-ng--^ 
characterized in that th e p e rman e nt magn e t ( s ) — ag eclaim L wherein the at 
least one movable magnet is arranged s uch that th e y ar e to ^ rotatable or tiltabler- in a 

25 recess 4-164- of the device provided for that purpose. 

7. D e vic e The device according to any on e of the pr e c e ding claims, 
characteriz e d in that th e p e rman e nt magn e t ( s ) claim L wherein the at least one 
movable magnet is/a^?^— PTOv-irde d arranged in a displaceable manner-r- in a recess 44r64^£lhs 

30 device provided for that purpose. 
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8. D e vic e T he device according to any on e of th e pr e ceding claims, 
cha^^e3g4j&ed~-in^ha t th e p ^3?manQn4;-~4aaqae>fe-(~s4 -claim 5. wherein the at least one 
movable magnet is/a^ arranged on a rotatable support (40) by m e an s of w hich the said 

5 p e rman e n fe at least one movable magnet-t«^ can be moved into the magnetic circuit and then 
again out of th e s aid circuit. 

9. D e vic e The device according to any one of the pr e c e ding claim s , 
characteriz e d in that th e claim L wherein movement of the permane n feat least one 

10 movable magnet4e4- is accomplished by means of an electric moto r or by^ pneumatic or 
hydraulic meaas drive . 

1 0. D e vice The device according to any one of the pr e ceding claim s / 
charact e rized in that the claim L wherein an extent of the mov e m e nt, 

IS particularly the rotation angl e or the distanc e of di s plac e ment, 

of^he— P»gman>ent--mag^ne^(^ of the at least one movable ma^iet can be 

predetermined in order t o set ^febeg magnetic field strength to a desired value. 

1 1 . D e vic e The device according to any one of th e pr e ceding claim s , 
20 c-ha^ac~fcer4r^ze^-~4n-~^that~^ 1. wherein a region of the magnetic circuit wh e r e in m 

which th e at least one movable magnet4s^ is/a^ arranged is completely surrounded by athe 
material which screens the magnetic field, «<^4dthe screening pr e ferably b eing provided in 
^fchea form of a short circuit rin g (20) . 

25 12. D e vic e The device according to anv one of the preceding claim s , 

characteriz e d in that th e s ai dc laim 1. wherein the head piece (8) is movable in 
thBg horizontal plane-, — pr e f e rably for carrying out a shaking motion. 
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1 3 . D e vice The device according to any on e of th e prec e ding claim s r - 
^-ta-z^z^ d in t ^a t t h e s a4 4daiin L wherein the head piece 48-)— carries a 
plurality of the magnetizable b ars -W— arranged in rows. 

5 14. D e vic e T he device according to any on e of th e prec e ding claim s , 

cha racterized in that claim L wherein the head piece (8) is attached to one of the two 
poles in a r e placeable detachable manner. 

15. D e vic e according to any one of th e pr e c e ding claim s , 

10 charact e riz e d in that the said bar(s) — W — a^ The device according to claim L 
wherein the at least one magnetizable bar is arranged in a rotatable manner 
b e rotate d is rotatable around ^theg longitudinal axis b y m e an s of an electromotive drive. 

16. D e vice according to any on e of th e pr e ceding claim s , 

15 charact er iz e d in that the said bar(s) — (^) — ar e ea c hThe device according to 
claim L wherein the at least one magnetizable bar is covered with a strippable, replaceable envelope 

1 7. Dev4rC ^The device according to any one of the preceding claim s, 
20 characterized in that claim 1, ^vherein at least one holding devic e (ll)h gMa for 

the ga4 dat least one container^*^ — — IW- is associated to sai d withthe device, which 
holding device (11) i s t he at least one holder being suitable for positioning the at least one 
container-(-&}- below the sa id head piece and the bars arranged thereon. 

25 1 8. D e vic e The device according to claim 17, characterized in that the 

s aid holding devic e ( s ) can b e mov e d in th e w herein the at least one holder is 
movable in a horizontal plane and/or vertically^HP-^ f Q ^ ^' ^ -y bvan electromotive 
by^ pneumatic or hydraulic meaas drive . 
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1 9. D G vio e The device according to claim 1 8, charact e rized in that the 
hoXd^ n g d ev i ce (s) — i s /ar e wherein the at least holder is adapted for carrying out shaking 
movements. 



5 20. Devic e The device according to any on e of claim s 17 to 19, 

charact e riz e d in that th e holding d e vic e ( s) — i s /are claim 17. wherein the at 

least holder is a component of a program-controlled laboratory robot system an d i s /ar e 

adapted such that t o are alternately move groups of or a plurality of individual ones of the s aid 

containers or of group s of s uch container s , — particularly microtitre 

1 0 plat e s I are alt e rnat e ly mov e d into a position below th e s aid bars and subsequently, 

after a pjE^edet^e-rminable predetermined time interval, again into a position whic h is outside 

the region below the bars , and wherein the groups or plurality of containers comprise microtiter 
plates . 

15 21. D e vice according to any on e of claims 17 to 20, 

characteriz e d in that th e v e rtical motion of the holding device ( s ) 

4444— can— be ope^ or G losedr^oop The device a ccording to 

claim 18. wherein the at least one holder is moved vertically, the vertical movement being controlled 
by an open-loop control unit or a closed-loop control unit, such a manner t ha t in th e 
20 ca se of an upward movement of the at least one holder causes an immersion of the bars -W- 

container . 

22. D e vic e The device according to any one of th e pr e c e ding claim s , 
25 characteriised in that claim L further comprising a program-controlled processor 4« 
associated -to with the device and is--xonnected -therew-it hthereto . by mean^-af— which at 
least one of the following functions of the device can b e is controlled bv open-loop 
controll e d control or closed-loop controll e d controL or b y m e an s of which at least two 
of the following functions men-tirone d b e low can b eare coordinated with one another: 
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- movement of the p e rmanea feat least one movable magnet4s4- to activate and deactivate 
the magnetic field, pa^?^~G.u-la^v^tbe including at least one of duration of-^the activated and 
deactivated phases, as w e ll a sand magnetic field strength; 

rotation speed and duration of rotation in th e ca s e o f rotatable bars; 
5 — movement of the head piece in a horizontal plane, particular l vi ncluding at least one of 
duration, frequency and amplitude of a shaking motion; 

* movement of the holding d e vicQ ( s ) at least one holder to position the at least one 
containe r ( s ) or group s of contain e r e altemately below the bars and subsequently to 
remove ^e mthe at least one container from that position, particularly the including at least 
1 0 one of velocity and frequency of the movements/ — as-^^ ll as th e movement and dwell time 
of the holding d e vic e at least one holder below the bag ^at least one bar : 

- vertical movement of the holding d e vice at least one holder to immerse the at least one 
ba r/ the bars into the liquid of the at least one c ontainer4-e4- and remove the same 
the-re^fis^ ^^-^ag^4c4^^ ^ from the at least on e container, including inmiersion depth, 

15 duration and frequencv ^ of the vertical movement: and 

if provided, rotation or shaking motion of the holding d e vic e ( s ), 

pa:g^culra^ vat least one holder, if provided, including rotation speed, rotation amplitude and 
intervals between ^the-^individual operation phases of the rotation or shaking motion . 

20 23. D e vic e The device according to claim 1. ftirther comprising at least o ne or more 

of th e pr e ceding claim s , — charact e riz e d in that on e or mor e of th e 
b^lov^Htent4oned--4aeans---a^^ the following means associated ^o with the—said device, 
^feb ewherein fimctions of^a4dthe means beina are coordinated with ^febe-fimctions ofthe s aid 
device b y mean s of a common control: 

25 ^ at least on e or mor e thermostattable heating or cooling means; 

- — at least one-or-more pipetting s-tafcion ^station for metered addition of liquidsr- 

es p e ciall y including reagents; 
- — at least on e or more suction means for exhausting liquid from the container s at least one 
container by suction; 
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at least o n e or mor e means for shaking or intermixing ^tbe~liquids contained in the 

c^tifc^-ne^g ^at least one container: and 

analytic apparatuses , particularly for photometric measuring or luminescence 
detection. 

24. Device A method for separating a target substance from a mixture of substances 
which is present in liquid form, the method c omprising the following steps: 

addition of a) adding to the mixture magnetic or magnetizable particles 

that have having specific binding properties in relation to the target substance; 

b) placing a pre-determined volume of the mixture in -feJia^ air gap between th e t wo 
poles of a magnetic circuit and immersing a magnetizable bar into the mixture, aa4d^ bar 
being connected with one of the «aAd^poles of the magnetic circuit, and ^thea magnetic 
fiel d of the circuit being initially deactivated; 

c) activating the magnetic field by changing th&g position of a permanent magnet 
arranged in or on the magnetic circuit, whegeb vthe change of position causing the bar istg 
bs magnetized and the particles ^accumulate at and substantially at the adherc to a lower 
end of the bar; 

d) inmiersing the bar, together with the particles adhering thereto, into a predetermined 
volume of a liquid that causes tbe-~elution of the target substance firom the particles;^Md 

e) lifting the bar out of from the elution liquid. 

25. Proce ss T he method according to claim 24, characteriz e d in 
4;bar fcwherein . following step d), the following steps are performed: 

f) deactivating the magnetic field by an opposite change of the position of the 
permanent magnet, w hereb v such that the particles are released into the eMmn^liquid; 

g) mixing the particles in the elution liquid: 

h) activating the magnetic field by changing the position of permanent magnet 
ar ran ge d i-nr-or on tfee—magne-tAc c i rcuirfc-y — whe-reb ysuch that the bar is 
magnetized and the particles accumulate at and substantially ^adhere to the lower end of 
the bar: and 
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i) lifting the bar out of from the elution liquid. 



26. PtgQ^esfl The method according to claim 24>~~o r 25^ G haa^^-ta^i-z^d— iar 

tJ£^ 24. wherein, following step c), the following steps are performed: 

k) immersing the bar, together with the particles adhering thereto, into a pre-determined 
volume of a wash liquid; 

1) deactivating the magnetic field by an opposite change of the position of the 
permanent magnet, wbegab vsuch that the particles are released into the wash liquid: 
m) mixin g the particles in the wash liquid : 

h) activating the magnetic field by changing the position of athe permanent magnet 
arr anged in or on th e magn e tic circuit, — wher e b v such that the bar is 
magnetized and the particles accumulate at and substantiallv a ^adhere to the lower end of 
the bar; 

1) lifting the bar out of from the e lution wash liouid: and 

m) e lution of eluting the target substance^- as in steps d) and e) of claims 24, 
o r accordi ng to claim 25^^ 

2-7-, P r oc ess acco rdi ng t o any o n e of claims 24 to 26, 

charact e rized in that it i s carried out by u s ing a d e vic e 
.aGGQ'^ ^"^^g — — any on e of — claim s — X — to 2 3 » 

27. A method for separating a target substance fi-om a mixture of substances present in 
liquid form using the device of claim 1. 
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ABSTRACT OF THE DISCLOSURE 
The invention r e lat es to device (1) which is use dorovided to separate 
magnetic or magnetizable particles from a liquid by using a magnetic field. Said^g device 
compr i s e s includes two limbs— t2-i — 3) which ar e made of a soft-magnetic material. An air 
gap 4-1-24— is provided between be two poles -(4^ — 54— of the limbs. Saidlhg air gap can receive 
a contain e 3? one or a plurality of m ore liquid containers— (-9-, — A head piece-454- 
is arranged in a fixed or detachable manner on one of the two poles (4) , A magn e tizable 
bag~>~o r a plu ^jU i tv o -f . One or more magnetizable bars — irs/are disposed in a fixed 
or movable manner on ga4dthe head piece, in the vertical direction. A perman e nt magnet 
(15) or a group of at l e ast two Oneormore permanent magnets 4s/are arranged in 
a movable manner on at least one point of the device, such that a magnetic field (17) can be 
produced between the two poles and the magnetic field can be activated or deactivated by moving 
the magnet(s). That are a The region of the device where i nw here the movable magnet(s) 
As/are an-anged is at least partially surrounded by a material (20) whic h that screens the 
magnetic field. 
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